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ABSTRACT 
Highway Drain Depth and Soil Stability 
by 
Mizher Al - Himdani , Master of Science 
Utah State University , 1987 
Major Professor: Dr . Lyman S . Willardson 
Department: Agricultural and Irrigation Engineering 
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The presence of moisture in the soil reduces its shear 
strength. After the rain or snowmelt, the high percentage of 
moisture in the subgrade of highway, causes the instability 
resulting into fai l ure of the highway due to high water 
tabl e . Therefore , it is essential to install a drainage 
system to remove the excess moisture from the subgrade of 
highways to avoid its failure. 
In the present study, six different soil samples have 
been studied to observe its failure by triaxial shear 
strength and corresponding moisture content was noted. The 
tension applied to remove moisture was converted to 
equivalent drain depth. The relationships were studied 
between shear strength versus drain depth and moisture 
content versus drain depth . From these relationships the 
design drain depth for differen t types of soils studied was 
recommended . The present study also suggest that the design 
drain depth for the highways can be approximated directly 
using water retention curve. (99 pages) 
INTRODUCTION 
Most highways have pavement cracking problems in the 
presence of a high water table. The problem is especially 
serious in soils which rapidly lose their shearing strength 
with increased moisture content. 
Proper and efficient drainage is an important feature in 
the maintenance of roads. Adequate drainage enables the 
road to be used in all types of weather . 
When there is no drainage on both sides of the highway , 
water can build up on the lower portions of road beds, which 
results in warping and cracking of roadway surface. 
Water plays an important part in defining soil strength 
especially in the finer-grained soils. Soil particles 
absorb a film of water when water is added to the dry soil. 
Upon the addition of more water, thes e films get thicker and 
permit soil particles to slide over each other more easily . 
This process is called lubrication . This lubrication will 
cause a reduction in shearing strength according to the 
increase in pore water pressure, caused by saturation or 
near saturation (l). 
Near the ground surface the shearing strength of 
the soil may differ greatly during the various seasons 
of the year . Some surface soils swell during the rainy 
seasons and during this season they have much lower 
mechanical strength than during the dry season. In 
cold countries where frost heaving occurs, the soil may 
have a great l y lowered strength after the spring thaw. 
Deep in the ground where there are some seasonal 
variations they are usually sufficiently small to 
permit reasonable accurate estimates of soil strength . 
(7 , p . 406) 
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The proposed study will determine the required depth 
for drainage of highway subgrades , according to the kind of 
soil , which will decrease the surface water content and lead 
to stabilization of the subgrade . Effective removal of 
subsurface water will lower the water table and reduce the 
risk of water logging during the rains and therefore provide 
an additional margin of safety . Drainage leads to increases 
in soil strength according to the decrease in pore water 
pressure . 
OBJECTIVES 
1. To determine the shear strength-water content-soil 
water tension relation for different fine - grained soils that 
would be used in highway subgrades . 
2 . To develop design criteria for highway subdrain 
depths based on soil water retention characteristics and 
water table depth. 
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REVIEW OF LITERATURE 
Taylor (7) found that the shearing strength of the soil 
near ground surface may differ greatly during the va rious 
seasons of the year. Some surface soils swell during the 
rainy season and during this season they have much lower 
strength than during the dry season. In cold countries 
where freezing occurs, the soil may have a greatly lowered 
strength after the spring thaw. Deep in the ground there 
are some seasonal variations but they are too small to 
permit reasonably accurate estimates of strength variation . 
Vomocil (9) stated that the volume of water removed 
from a given volume of soil at a specified tension 
represents the volume of pores of the size indicated by that 
tension. 
Yang and Warkentin (10) found that clay soils typically 
undergo changes in volume when the moisture content changed. 
Shrinkage and cracking occurs when clay soils are dried . If 
rewetting occurs subsequent to drying , swelling will occur. 
Large volume changes occurs in a climate with alternate wet 
and dry seasons. Cracking associated with shrinkage is of 
concern in embankment and earth dam stability , which leads 
to many serious problems . 
Terzaghi and Peck (8) found that the shear strength of soil 
at a constant vo lum e is some times accompanied by a decrease 
in intergranular pressure and an increase in neutral water 
pressure. During the shearing process in remolded clays, 
when the load is applied , void ratio is decreased and most 
of the load is taken by the water. Failure of the soil mass 
has been said to be caused by lubrication in which the soil 
passes into a state of liquification and flows like a fluid. 
Lamb (4) while studying embankment stabilization 
by use of horizontal drains, showed that the drained plots 
had a low ground water table and no hydrostatic pressure, 
which was considered to be the factor that caused pavement 
movement. 
Hassan and Broughton (3) divided the upper soil profile 
into five zones. The zones were l inch , 2 inch, 3 inch, 
inch and 3 inch thick respectively, starting at the soil 
surface. They suggested that the moisture content in the 
top zone, surface to l inch in clay, was the limiting factor 
in "tractability". The safe moisture contents for travel 
are found to vary with different soils depending on the 
available water capacity (AWC). Trafficability was fou nd to 
develop more rapidly in the spring on slowly permeable soils 
(silty clay loam) on the drained plots than it did on 
undrained plots . 
Paul and Devries (5) found that lowering the water 
table increases the bearing strength of a soil and improves 
its ability to withstand agricultural field operations. 
Controlling the water table is therefore a direct means of 
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controlling trafficability in wet soil. Soil strength was 
found to be linearly dependent upon water table depth in the 
spring when evapo r ation is small and the water table depth 
was less than 31 . 5 inches. But when the water table depths 
were greater than 31 . 5 inches, the surface soil strength 
increased rapidly . 
Dunn, Anderson and Kiefer (2) state that the loss of a 
soil shear strength occurs by absorption of water , increased 
pore pressure, freezing and thawing and loss of cementing 
materials. The presence of water is considered to be the 
most important factor in most slope failures . They found 
also that: 
.. . the shear strength of granular material is 
affected largely by the initial void ratio of the 
soil and to a lesser extent by the particle shape, 
the surface roughness, and the grain size 
distribution. Grain size distribution , surface 
roughness and particle shape are characteristics 
of a specific soil deposit , and their effect on 
shear strength leads to the differences in the 
strength characteristics of various deposits. 
For a given granu l ar soil , the strength 
characteristics will depend on the void ratio or 
dry unit weight to which the soil is compacted. 
The higher the dry unit weight , the higher the 
shear strength . (pp. 164 and 165) 
For fine textured soils , as the void ratio becomes smaller , 
the e lectrical and molecular forces surrounping the soil 
particles play a greater part in resisting the relative 
movement of the partic l es . The moisture content of the soil 
plays an important role in the shear strength. 
PROCEDURE 
Fine-grained soils that have been used in highway 
subgrades and that have soil strength problems were 
collected from different places in utah and from two sites 
in Illinois. 
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For a proctor test (6) , which cons i sts of compacting a 
soil at various water contents into a cylindrical metal mold 
with inside diameter of 4 inches and effective height of 4.6 
inches, capacity l /30 cu ft. was used to determine maximum 
density for each soil as shown in Figure l. The soil was 
compacted in three equal layers . Each layer being given 25 
blows by a hammer of 5 .5 lb , dropped from a height of 12 
inches above the soil . The soil sample was trimmed on the 
ends to get an exact height as shown in Figure 2 . Two 
samples from different positions were taken , the weight was 
taken then placed in the oven , in order to get the water 
content percentage and dry density. The soils collected 
were moistened to the optimum water content for maximum 
compaction , and left overnight to reach equilibrium . 
The triaxial test samples were compacted in six equal 
layers , each layer being given 12 blows by a hammer of 3.75 
lb , dropped from a height of 2 inches in a mold consisting of 
three parts , as shown in Figure 3. The mold parts were 
1·6 
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lubricated with a little oil to make it ea si er to remove the 
compacted soil cylinder for testing. 
The soil cylinder was covered by a rubber sleeve as 
shown in Figure 4, and the ends we re trimmed with a thin 
sharp knife to a 3.5 i nch samp l e height. The samples were 
placed in a pressure plate as shown in Figure 5 and 
saturated by a siphon through the porous plate. The 
required pressure was then applied to the pressure plate in 
order to get the required moisture content at a given height 
which represents the water content of soil, the soil surface 
at a given height above the water table as shown in Table 
l. Four sets of samples for two soi l s at different water 
contents were frozen in order to determine the volume 
change . 
The samples for the shear strength tests were subjected 
to a constant low confining (all around) pressure to 
simulate a surface soil condition. Testing was done by 
increasing the axial load until the sample failed as shown 
in Figure 6. Then the axial load was stopped and the sample 
was taken out. The weight of the sample was determined and 
the sample placed in the oven and left for 24 hours , then 
the dry weight was taken. 
The data were analyzed by using a computer program 
which calculates stress and strain that occurs during the 
test . Th e strength at failure can then be plotted on a Mohr 
I·' i<JUre 4 . Sc•nl inq thL• '!'es t S.<mplc· l·Ji rl, J<unn.·r S 1 L'l'V" 
PltlCUHJ t-h, , '!'est ~;oil Sdmplt ~-i 111 
t-Ilt' l-'ressure Pl<1tl~ 
1 3 
Table 1 . Water Content of Surface Soil for Different Drain 
Depths and Maximum Compacted Density. 
Equiv . Sample Number 
Drain 
Ten - Depth 11 12 
sion 
psi em ft Water Content Percent (Dry Weight) 
0.2 14 0 . 46 0.361 0.284 0.248 0.142 
0.2 0 . 359 0 . 284 0.247 0.144 
0.4 28 0.92 0 . 351 0.283 0 . 245 0.138 
0 . 4 0.353 0 . 282 0.244 0.141 
0 . 6 42 1. 39 0.254 0 . 240 0.347 0.280 0.242 0.128 
0. 6 0 . 253 0 . 241 0 . 343 0 . 281 0.242 0 . 127 
1.2 85 2. 77 0.238 0.220 0 . 318 0.276 0 . 237 0.123 
1.2 0 . 248 0.218 0. 318 0 . 277 0 . 240 0 . 124 
2.4 169 5 . 54 0 . 235 0.206 0 . 31 4 0 . 268 0 . 231 0.118 
2 . 4 0 . 236 0.204 0.315 0 . 267 0.233 0 . 119 
4.8 388 ll . 08 0 . 231 0.184 0 . 304 0 . 253 0.223 0 . 114 
4 . 8 0.231 0 . 183 0.234 0 . 252 0.222 0. 114 
Figure 6. Failure of Soil During the Triaxial Shear Test 
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circle diagram and the strength parameter determined as 
function of the moisture content and soil moisture tension. 
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RESULTS AND DISCUSSION 
Figure 7 shows the relationship between tension and 
water content for all six soils studied. From Figure 7 it 
can be seen that for all the soils as the tension increases 
the water content decreases. Figure 7 also shows that as 
the tension increased from 0.6 psi to 4 . 8 psi the decrease 
in moisture content in both magnitude and nature is 
different for each of the different soil types studied. 
Table l shows that the moisture content decrease is greatest 
for the sandy loam soils (No. 2 and 4) followed by loamy 
sand soil (No . l), then loam soil (No.5) then silty clay 
soil (No. ll) and clay (No. 12). The reason for the 
difference in water release is pore size distribution and 
fineness of soil particles. The sandy loam soils have a 
higher proportion of larger pores than clay . The larger 
pores requires less tension to remove water as compared to 
the tension required to remove water from smaller pores. 
Figure 8 shows the relationship between drain depth 
(Tension) and shear strength of the soil at the soil 
surface. It can be seen from Figure 8 that at the same 
tension there are different shear strengths for the six soil 
samples studied . This is because the shear strength of the 
granular material is affected largely by the initial dry 
unit weight. For granular soils the strength 
0 .4 
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characteristics will depend on the dry unit weight to which 
the soil is compacted. The higher the dry unit weight , the 
higher the shear strength (Dunn , Anderson and Kiefer [2], 
1980). In the present study from Table 2 , it is observed 
that as the tension increases , t he moisture content 
decreased and with the decrease in moisture content the 
shear strength is increased for all six soil samples 
studied. From Figure 8, surface shear strength for sample 
No. 2 is more than surface shear strength of sample No. 4. 
This is because of two reasons . Firstly the dry unit weight 
for sample No . 2 is higher , which is 104.36 lb/ft 3 than the 
dry unit weight of sample No. 4, which is 88 . 74 lb/ft3 . 
Secondly sample No.2 has less moisture content at the same 
tension compared to sample No . 4 . The above fact holds good 
for sample No. l (loamy sand) . Sample 12 (clay) has 
more surface shear strength compared to sample No. ll (silty 
clay). Both are fine soils . It is because of two reasons; 
the first one is the dry unit weight for sample No. 12 is 
115.56 lb/ft 3 which is higher than the dry unit weight for 
sample No. ll which is 97.49 lb/ft 3 . The second reason is 
the mo isture content of sample No . ll is more than the 
moisture content for sample No. 12 at the same tension. 
This can be seen from the moisture content - tension curve . 
Sample No. 5 (loam soil) has low surface shear strength 
compared to sample No . ll and 12. This is because Sample 
Table 2. Surface She ar Stre ngth and Moisture 
Different Te nsions. 
Ten- Equiv. 
sian Drain 
psi Depth Loamy Sand (1) Sandy Loam (2 ) Sandy Loam (4) 
ft. 
Shear Moisture Shear Moisture Shear Moisture 
Scrength Content Strength Content Stre ngth Content 
d 7. si % si 7. 
0. 2 0 . 46 5 . 9 0. 361 
0.2 6.1 0. 359 
0. 4 0. 92 7 . 5 0. 351 
0. 4 7 . 4 0. 353 
0.6 l. 39 10 . 00 0. 254 15 . 2 0. 240 8. 2 347 
0. 6 10.60 0. 253 15.1 0.241 7 . 7 343 
1.2 2. 77 11.<0 0. 238 17 . 1 0. 220 9. 8 318 
1.2 10.70 0. 248 16.6 0. 218 10.6 318 
2.4 5. 54 11.40 0. 235 18. 1 0. 206 12 . 1 314 
2.4 11.30 0. 236 18.7 0. 204 11.8 315 
4. 8 11.08 15.90 0. 231 22.4 0.184 13 . 6 0. 304 
4. 8 15.00 0. 231 22.0 0. 183 13 . 0 0. 294 
Conte nts Data of Soils at 
Loam (5) Silty Clay (11) 
Shear Moisture Shear Hoisture Shear 
Strength Content Strength Content Strength 
si 7. si 7. si 
6. 5 0. 284 7. 8 0. 248 10. 1 
7. 0 0. 284 7. 9 0. 247 9.6 
7 . 3 0. 283 8 . 0 0.245 10 . 8 
0. 2M2 8.4 0 . 244 10 . 5 
8. 5 0. 280 11.0 0 . 242 12.5 
7 . 8 0. 281 11.2 0 . 242 11.5 
9. 6 0. 276 13.4 0. 237 13.0 
10.5 0 . 277 14.0 0. 240 13 . 5 
11.6 0. 268 0. 231 16.5 
11.3 0. 267 15.6 0. 233 16.4 
14 . 4 0. 253 17.3 0. 223 18.4 
15 . 4 0.252 17 . 5 0 . 222 18.3 
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No. 5 has low dry unit weight which is 92 . 49 lb/ ft3 and high 
moisture conten t compared to sample No. 11 and 12. 
Figure 7 shows the relationship between tension and 
moisture content for all the six soil samples studied . From 
this figure it can be seen that most of the moisture content 
decrease has occurred at a tension of up to 1.2 psi which is 
equivalent to drain depth of 2.77 ft. Figure 8 shows the 
relationship between drain depth and surface shear strength 
for all six soil samples studied. From Figure 8 it can be 
seen that most of the surface shear strength is developed in 
the soils for soil water tensions between 0 . 2 psi to 1.2 psi 
which is equiva lent to drain depths of 0.46 ft . to 2.77 ft . 
for all six soil samples studied. Therefore considering 
Figure 7 and Figure 8 , it is r ecommended that the minimum 
drain depth should be 3 ft . or greater for all six soil 
samples studied. 
The volume change due to freezing was studied for loam 
soil and clay soil (Samples No. 5 and 12 respectively) . 
From Table No . 3 and Table No. 4 it can be seen that volume 
change due to freezing is increased at all applied tensions, 
i.e. 0.2, 0 . 4 , 0.6, 1.2, 2.4 and 4.8 psi. But percentage 
volume increase due to freezing is more at low tensions 
compared to high tensions , e.g. for samp le No. 12 (clay 
soil) the percen tage volume increase at 0.2 psi tension is 
3.49 as compared to the percentage vo lume increase at 4.8 
Table 3 . Volume Change Data on Freezing for Sample 
No . 5 (loam soil). 
Equiv. Before After 
Drain Freezing Freezing 
Ten- Depth Volume Volume 
sian Height Dia. Height Dia . Cha~ge Change 
psi em ft in in in in J.n % 
0.2 14 0.46 3.67 1.458 3.76 1 . 478 0 . 324 5. 3 
0 . 4 28 0.92 3 . 66 l. 453 3 . 69 l. 4 7 5 0.236 4.0 
0 .6 42 l. 39 3 . 62 1.452 3.66 l. 471 0.218 3.6 
1.2 85 2 . 77 3.59 l. 446 3.62 1.464 0 . 207 3.5 
2 . 4 169 5.54 3.59 1.445 3.62 l. 461 0.190 3.4 
4 .8 338 11.08 3.56 1 . 438 3.59 l . 453 0 . 031 3 . l 
22 
Table 4 . Volume Change Data on Freezing for Sample 
No . 12 (clay soil) . 
Eguiv . Before After 
Drain Freezing Freezing 
Ten - Depth Volume 
sion Height Dia . Height Dia. Cha~ge 
psi em ft in in in in ln 
0.2 14 0.46 3 . 53 l. 4 37 3 . 59 1 . 446 0.200 
0. 4 28 0.92 3 . 51 l. 4 31 3 . 56 1 . 439 0.139 
0.6 42 l. 39 3.49 1 . 429 3.54 1 . 433 0. 126 
1.2 85 2 . 77 3.46 1 . 425 3.51 1.428 0 . 0 58 
2. 4 169 5.54 3.50 l. 423 3 . 53 1.427 0 . 081 
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psi, which is 1.3 . From these results it can be concluded 
that the approximate drain depth for soil Samples No. 5 and 
12 to avoid large volume changes due to freezing should be 
about 3 ft. as shown in Figure 9 and Figure 10, 
respectively , which also agrees with the drain depth 
recommeds shown by the soil moisture retention curves . The 
minimum effective depth of drainage can therefore be 
approximated from a moisture retention curves determination. 
From the previous discussion it can be seen that the 
depths required for highway shoulders drans constructed in 
different types of soils can be approximated using soil 
moisture retention curves instead of fol l owing the 
complicated procedure of shear strength determinations . 
From Figures 11, 12 , 13 , 14 , 15 , and 16 it can b e seen 
that there is a relative ly rapid decrease in surface soil 
moistur e content for drain depths down to approximately 3 
feet . This is because most of the larger size pores in this 
soil are of a size that can be drained by the capillary 
pressure corresponding to this drain depth . As the drain 
depth increases below 3 ft. , there is less change in the 
moisture content, which means that there are fewer large 
pores drained by the greater drain depth i. e . at greater 
negative pressures for this particular soil . Most of the 
rapid increase in surface soil shear strength has also 
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Figure 16 . Moisture Content Shear Strength Versus Drain Depth 
for Sample No . ·12 
depth for a particular soil therefore can be taken as the 
depth when most of the larger pores are drained for a 
particular drain depth as shown by the soil moisture 
retention curves. The minimum effective depth of drainage 
can therefore be approximated from a moisture retention 
curves determination. 
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The statements can be confirmed from Table No . 5 which 
indicates that for soils No . l , 2 , and 4 the slope of the 
moisture content - drain depth curve i .e. the rate of chang·e 
of surface soil water content with increasing drain depth is 
relatively high for drain depths down to 3 ft. compared to 
drain depths of 3 ft. and deeper . For soil Samples No . 5 , 
l, and 12 the slope of the moisture content-drain depth 
curve is greater to a 1.39 feet depth compared to deeper 
drain depths . This depth is adequate to develop surface 
soil shear strength but may not be adequate cover to protect 
the drain from highway surface loads. In this case , the 
required depth of cover would govern the drain depths. 
Referr ing to Table No. which gives the slope of shear 
strength-drain depth curves for different drain depths, it 
can be observed that for soils No. l, 2 , and 4 the slopes of 
the surface soil shear strength curves are greater to a 
drain depths of about 3 ft . compared to slopes of the curves 
deeper than 3ft. In the case of soils No.5, ll, and 12 
the slopes of the curves are also greater to drain depths of 
Table 5 . Percentage Slope of Soil Moisture - Drain 
Depth Curves 
Soil Samples Drain Depth 
(ft) -Slope 
Percentage No . l No. 2 No . 4 No . 5 No . ll No. 12 
0 . 46-0.92 l. 7 4 0 . 22 0. 6 5 0 . 87 
0 . 92-1.39 l. 49 0.43 0.64 2.34 
1.39-2.77 0. 73 l. 50 l. 96 0.36 0 . 23 0.29 
2.77-5 . 54 0.29 0 . 51 0 . 14 0 . 28 0.25 0 . 18 
5-54 -11.08 0 . 07 0 . 38 0.27 0.25 0 . 16 0 . 09 
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1.39 ft. as compared to slopes of curves for deeper drain 
depths. 
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Stability of highways depends upon surface soil shear 
strength , which increases with decreasing moisture content. 
Shear strength of particular soil is related to the moisture 
retention curve of that particular soil. Moisture decreases 
in surface soil can be caused by either artificial or 
natural drainage . The amount of moisture remaining in a 
soil depends upon the characteristics of the moisture 
retention curve. 
In the present study when a negative pressure or 
tension was applied to the soil samples and the pressure was 
converted to equivalent drain depth , two relations were 
found: The first one was the drain depth-moisture content 
relation and the second was the drain depth-shear strength 
relation . When both sets of data are plotted on one graph, 
there is a relation between shear strength and moisture 
content . For some soils there i s a steep decrease in 
moisture content for an equivalent drain depths down to 
ft ., which leads to an increase in the shear strength of the 
surface soil . For some soils , the rapid releas e of moisture 
occurs only up to a tension of 0 . 6 psi , which is equivalent 
to a drain depth of 1.39 ft ., too shallow considering 
traffic loads on highways . On the other hand shear strength 
of the surface soil does not increase muc h in these soils 
for deeper dra in placement . 
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Observing Figures ll, 12, 13 , 14, 15, and 16 it can be 
concluded that for soils which have a well defined break in 
the water retention curve , the proper drain depth can be 
appxoimated by setting the drain depth corresponding to the 
break in the water retention curve . In the case of two 
soils , Figures 14 and 15 where the break in the water 
retention curve is not clear , it is because of the high 
percentage of clay in these soils, 19% and 24% compared to 
7 . 5% , l3% and 16% in the soils that have a well-defined 
break in the water retention curves. This can be confirmed 
from the uniformity coefficients of the high clay content 
soils which are low compared to the other soils. In soils 
with a high clay content or a low uniformity coefficient the 
drain depth cannot be determined directly from the water 
retention curve . 
37 
SUMMARY AND CONCLUSION 
Moisture content of sub-grade soil materials of 
highways has a direct effect on the durability of the road 
surface . The moisture content of the soil sub-grade 
material varies with the type of soil and the position of 
the water table. A given soil releases water in different 
amounts when different tensions are applied to the soil. To 
avoid failure of highway sub-grades it is essential to 
install drains at a proper depth based on moisture content -
tension - shear strength relationship since the r elationship 
is different for different soil types. 
This study was carried out to develop soil moisture -
tension - shear strength relationship for six different soil 
types (i.e. loamy sand [1), sandy loam [ 2) , sandy loam [ 4 ), 
loam [5), silty clay [11), clay [12) ) and to determine 
the relation between drain installation depth and the shear 
strength of surface soil as in Figure 8 . 
The data obtained from the study was analyzed and 
curves of water content and shear strength were prepared for 
all six soil types . From these curves it was observed that 
as the applied tension to the soil increases , the moisture 
content of the soil decreases and with the decrease in 
moisture content the surface shear strength of the soil is 
inc r eased . This is true for all six soil samples studied. 
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But, the increase in surface shear strength with decrease in 
moisture content varies in both nature and magnitude for 
different soil types . 
From the curves developed showing the relationship between 
soil moisture tension i .e. drain depth and surface soil 
shear strength the minimum drain depth's for the different 
soils studied was selected. From these curves it was 
observed that most of the shear strength was developed above 
tensions of 1.2 psi (i .e. equiavlent to a drain depth of 
2.77 ft.). The design drain depth for the highway sub-grade 
material can be approximated by sing soil moisture retention 
curve. For soils which have a well defined break in the 
water retention curve, the drain depth should be set 
corresponding to the break in the water retention curve. 
Whereas for soils which do not have a well defined break in 
the water retention cruve, the drain depth can be 
approximated by the shear strength determination. 
Therefore, from the above observations it is concluded that 
the minimum depth for highway drain should be 3 ft. or 
morefor all six soil samples studied. Freezing volume 
changes for the two soil samples studied were also reduced 
when the equivalent drain depth was greater than 3 ft. 
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RECOMMENDATIONS 
l . An e conomic analysis should be done b a sed on the cost 
of insta lling d rains at various depths deeper than 3 feet 
compared to the cost of maintenance of the road if the drain 
is not installed at that depth . 
2 . A fr e ezing volume change study should be carried out 
f or the soils in addition to the loam and clay loam soil. 
3 . Th e same type of ' study for other soils (sub-grade 
material) other than those included in the present study 
and used as a sub-grade material for highway , should be 
conducted . 
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DateoiTest July 13, _ _1?_8~---· 
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Utah State University Bor~ngNo . 
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... 4 
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Wt ol water 
...6!!_ fL.B.S..+-4.. 1Q 1 7' fi q 1? 
Wt ot can Ll [ll~R !1 1R" 1R :1R 1 
'.'J I Ol dry SOt I 
Q....R 1,; ·.)7 ,;In 10 ?Q () 
\'Jah.'r content u •. 11 o I 11 1'i d 1'i 17 17 
Assumed water content 
Water content. u·•o I 
_, 
13.18 1'i 'i'i 17 L..'i 
WI or sod - mold 
1RLJ'l 1Q4D W1'i 
WI ctmold ?OQQ __ ?000 ?()()() . 
VII o! soli .n mold. g . -_L.84()_~ . <.,[,() 1 Q1'i 
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~- -· -- .. · - _ _ ,1 __ _ 
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Sample No. _4 
Test Pedormed By !1izher Al-Himlani 
Blows / La yer 25/ 3 
Dateof Test Aug . 2_5"_12_~-- ---­
No. of Laye<S ·- 3 -- - -- Wt. of Hammer ..2.4.....5. N 
10 .3 em Ht. . 12 __ __ _ em Vol. ___ 1Q_QQ __ __ ·- em·' 
$,1ITI ~' lt: t\CI I ' 3 . s • 
M o•slure can no. 
WI or can • wet so•l 74.8 75 .8 74. ' 80 .0 74. 0 78. l 74.8 76 .4 
Wt ol can • dry so•t 68. 6 69.5 67. 73 . 1 67.9 71.' 66.6 69 . 1 
W t ol w ater 6.2 2_,3 6.8 6. 9 6. 1 6.9 s. 2 7. 3 
Wt o1 can 31. 9 ~~~~-2 37 . ps. 8 33.0 31. 7 38.8 ---
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Water content. " . 0 0 16.8 19.17 20 . 79 23 . 83 
Wt or soli · mo ld 3620 3665 3715 3730 
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------+--- ---------~---~----_, ______ +------
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Wet aens •ty . g/ em"' l. 620 i 1. 665 l. 715 l. 730 
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Assumed water content 
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WI. at mold 2000 2000 2000. 2000 
-------j'---- ------ ---
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~.HT'I L'• t' " (1 I ~ 3 . 5 6 
Mo•stur e can no. 
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-~ 
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Water content. u· ... 
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1. 935 2.055 2.067 .. .L.---------+----f-----+----~----
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Appendix B: 




TRIAXIAL COMPRESSION TEST ON COHESIONLESS SOIL 
Soil Description: Loamy Sand (1) 
Uni t Weight = 96. 4615 PCF 
Initial Length = 3.5 inches 
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Aug . 1 3 , 1 9 8 4 
Cell Pressure = 3 psi 
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TRIAXIAL COMPRESSION TEST ON COHESION LESS SOIL 
Soil Description: Loamy Sand ( 1) 
Unit Weight = 97.6571 PCF Cell Pressure = 3 psi 
Initial Length = 3. 5 inches Tension = 1.2 psi 
Initial Diameter 1.408 inches 
Deflection Load Volume p q Strain Volumetric 
Dial Dial Reading Strain 
1370 0 0.0 3.0 0.0 0.000000 0.000000 
1336 4 0.0 4. 3 1.3 - 0.004857 0.000000 
1233 9 0.0 5.8 2 . 8 - 0.019571 0.000000 
1105 14 0.0 7.3 4. 3 -0.037857 0.000000 
978 18 0 .0 8. 5 5.5 -0.056000 0.000000 
842 23 0.0 9 . 8 6.8 -0.075429 0.000000 
667 25 0.0 10.2 7.2 -0.100429 0.000000 
574 27 0.0 10.7 7.7 -0.223714 0.000000 
450 29 0.0 ll.l 8 . 1 -0.131429 0.000000 
246 30 0.0 ll.l 8.1 -0.160571 0.000000 
50 31 0. 0 11. 1 8. l -0.188571 0.000000 
-35 3 2 0.0 11.2 8.2 -0.200857 0.000000 
-120 34 0.0 11.6 8.6 -0.212857 0.000000 
-240 35 0.0 11.7 8.7 -0.230000 0.000000 
- 35 0 3 7 0.0 12.0 9.0 -0.245714 0.000000 
-420 40 0.0 12.6 9.6 -0.255714 0.000000 
-520 4 1 0.0 12.6 9.6 -0.270000 0.000000 
-6 30 42 0 . 0 12.6 9.6 -0.285714 0.000000 
-680 43 0 . 0 12.8 9.8 -0.292857 0.000000 
-742 45 0.0 13. 1 10.1 -0.301714 0.000000 
-835 47 0.0 13. 3 10.3 -0.315000 0.000000 
-96 5 48 0. 0 13. 3 10 . 3 - 0 . 333571 0.000000 
-1021 49 0.0 13.4 10.4 -0.341571 0 . 000000 
-1048 51 0.0 13.7 10.7 -0.345429 0.000000 
-113 5 52 0. 0 13.7 10.7 - 0 . 357857 0.000000 
-1181 47 0 . 0 12.6 9 . 6 -0.364429 0.000000 
-118 7 40 0 . 0 11.2 8.2 - 0.365286 0.000000 
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TRIAXIAL COMPRESSION TEST ON COHESIONLESS SOIL 
Soil Description : Loamy Sand (l) 
Uni t Weight= 96 . 3259 PCF 
Initial Length= 3.5 inches 
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Aug. 28 , 1984 
Cell Pressure = 3 psi 
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TRIAXIAL COMPRESSION TEST ON COHESIONLESS SOIL 
Soil Description: Loamy Sand (l) 
Unit Weight= 96.3988 PCF 
Initial Length= 3.5 inches 
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Aug. 28, 1984 
Cell Pressure = 3 psi 
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TRIAXIAL COMPRESSION TEST ON COHESIONLESS SOIL 
Soil Description: Sandy Loam (2) 
Unit Weight = 100.378 PCF 
Initial Length= 3.5 inches 
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Cell Pressure = 3 psi 
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TRIAXIAL COMPRESSION TEST ON COHESIONLESS SOIL 
Soil Description: Sandy Loam (2) 
Unit Weight= 100.587 PCF 
Initial Length= 3.5 inches 




























































































































Aug. 30, 1984 
Cell Pressure = 3 psi 



















































TRIAXIAL COMPRESSION TEST ON COHESIONLESS SOIL 
Soi 1 Description: Sandy Loam ( 2) Sep. 2' 1984 
Unit Weight = 100.803 PCF Cell Pressure = 3 psi 
Initial Length = 3.5 inches Tension = 4.8 psi 
Initial Diameter 1.408 inches 
Deflection Load Volume p q Strain Volumetric 
Dial Dial Reading Strain 
1256 1 0 . 0 3.0 0.0 0 . 000000 0.000000 
1247 8 0.0 5.6 2.6 - 0 . 002571 0.000000 
1229 14 0.0 7- 5 4. 5 -0.00514 3 0 . 000000 
1182 19 0.0 9- 0 6.0 -0.011857 0.000000 
1130 26 0 . 0 11. 2 8.2 -0.019286 0.000000 
1056 33 0.0 13. 3 10.3 -0.029857 0.000000 
993 39 0.0 15- 0 12.0 -0.038857 0.000000 
939 44 0.0 16. 5 13.5 -0.046571 0.000000 
851 51 0.0 18- 4 15.4 -0.05914 3 0.000000 
783 57 0.0 20 . 0 17.0 -0.068857 0 . 000000 
712 60 0.0 20.7 17.7 -0.079000 0.000000 
640 66 0.0 22- 3 19.3 -0 . 089286 0.000000 
562 70 0.0 23 . 2 20 .2 -0.100429 0.000000 
484 73 0.0 23 .8 20 . 8 -0.111571 0.000000 
38 5 75 0.0 2 4. 1 21.1 -0.125714 0.000000 
299 81 0 .0 25.4 22.4 -0.1 38000 0 . 000000 
201 82 0.0 25 . 3 22 . 3 -0.15200 0 0.000000 
127 80 0.0 24 . 5 21 . 5 -0.162 571 0.000000 
11 2 79 0.0 24.2 21. 2 -0.164714 0 . 000000 
107 74 0.0 22.8 19.8 -0.165429 0.000000 
5-7 
TRIAXIAL COMPRESSION TEST ON COHESIONLESS SOIL 
Soil Description: Sandy Loam ( 4) Sep . 22, 1984 
Unit Weight= 83.7701 PCF Cell Pressure = 3 psi 
Initial Length = 3.5 inches Tension = 0.2 psi 
Initial Diameter 1.416 inches 
Deflection Load Volume p q Strain Vo lumetric 
Dial Dial Reading Strain 
1458 0 0 .0 3 . 0 0.0 0.000000 0.000000 
1435 2 0.0 3. 6 0.6 -0.003286 0 .000000 
1382 4 0.0 4. 3 1. 3 -0.010857 0 . 000000 
1333 6 0 .0 4.9 1.9 -0.017857 0.000000 
1251 8 0 .0 5.5 2.5 -0.029571 0.000000 
1198 9 0.0 5.8 2.8 -0.037143 0.000000 
1121 10 0. 0 6. 0 2.0 - 0.048143 0.000000 
1089 ll 0.0 6. 3 3.3 -0.052714 0.000000 
1058 12 0. 0 6.6 3.6 -0.057143 0.000000 
1019 13 0. 0 6 . 9 3 .9 -0.062714 0.000000 
991 14 0.0 7 . l 4.1 -0.066714 0.000000 
959 15 0.0 7.4 4.4 -0.071286 0.000000 
927 16 0 . 0 7. 7 4 . 7 -0.075857 0.000000 
899 16 0.0 7.7 4. 7 -0.079857 0 .000 000 
866 17 0 . 0 7 . 9 4.9 -0.084571 0.000000 
805 18 0.0 8.2 5.2 -0.093286 0.000000 
76 1 20 0.0 8.7 5.7 -0.099571 0.000000 
741 20 0.0 8.7 5 . 7 -0.102429 0.000000 
703 21 0. 0 8 . 9 5.9 -0.112429 0.000000 
671 21 0 . 0 8 . 9 5.9 -0.112429 0.000000 
614 19 0 . 0 8.3 5.3 -0.120571 0 .000000 
582 29 0. 0 8 . 3 5.3 -0.125143 0.000000 
513 16 0 .0 7 . 4 4. 4 -0.135000 0 . 000000 
509 14 0 .0 6.8 3 .8 -0.135571 0 .000 000 
TRIAXIAL COMPRESSION TEST ON COHESIONLESS SOIL 
Soil Description : Sandy Loam (4) 
Unit Weight = 84.8203 PCF 
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TRIAXIAL COMPRESSION TEST ON COHESIONLESS SOIL 
Soil Description: Sandy Loam ( 4) Sepo 26, 1984 
Unit Weight = 85ol65 PCF Cell Pressure = 3 psi 
Initial Length = 3o5 inches Tension = Oo6 psi 
Initial Diameter 1.411 inches 
Deflection Load Volume p q Strain Volumetric 
Dial Dial Reading Strain 
1222 0 OoO 3o0 OoO OoOOOOOO OoOOOOOO 
1160 3 OoO 430 l.O -0o008883 OoOOOOOO 
1098 7 OoO 5 0 2 2 o2 -00017765 OoOOOOO 
1048 11 OoO 6o4 3 0 4 -00024928 OoOOOOOO 
98 3 13 OoO 7o0 4o0 -0o034241 OoOOOOOO 
921 16 OoO 7o9 4 0 9 -0o043123 OoOOOOOO 
851 18 OoO 8o4 5 0 4 -0o53152 OoOOOOOO 
783 19 OoO 8o7 5o7 -0o062894 OoOOOOOO 
711 20 OoO 8o9 5o9 -Oo073209 OoOOOOOO 
605 21 OoO 9 o1 6 0 1 -00088395 OoOOOOOO 
575 22 OoO 9 0 4 6o4 -Oo092693 OoOOOOOO 
483 23 OoO 9o6 6o6 -00105874 OoOOOOOO 
417 24 OoO 908 6o8 -Ooll5330 OoOOOOOO 
352 26 OoO l0o3 7 0 3 -Ool24642 OoOOOOOO 
24 5 27 OoO l0o4 7 0 4 - 0 0 139971 OoOOOOOO 
131 28 OoO l0o6 7o6 -0o156304 OoOOOOOO 
50 29 OoO 10o7 7o7 -0o167908 OoOOOOOO 
4 24 OoO 9o3 6o3 -Ool74499 OoOOOOOO 
-55 24 OoO 9 0 3 6o3 -0 o182951 OoOOOOOO 
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TRIAXIAL COMPRESSION TEST ON COHESIONLESS SOIL 
Soil Description: Sandy Loam ( 4) Sep. 28 , 1984 
Unit Weight = 85.687 PCF Cell Pressure = 3 psi 
Initial Length = 3.5 inches Tension = 1.2 psi 
Initial Diameter 1. 409 inches 
Deflection Load Volume p q Strain Volumetric 
Dial Dial Reading Strain 
1280 0 0.0 3.0 0.0 0.000000 0.000000 
1250 6 0.0 4.9 1.9 -0.004298 0.000000 
1201 12 0.0 6 .8 3.8 -0.011318 0.000000 
1175 15 0.0 7.7 4.7 -0.015043 0.000000 
1149 18 0.0 8.7 5.7 -0.018768 0.000000 
1109 20 0.0 9.3 6.3 -0.024499 0.000000 
1084 22 0 . 0 9.9 6. 9 -0.028080 0.000000 
1061 24 0.0 10.5 7 .5 -0.031375 0.000000 
1029 25 0.0 10.7 7.7 -0.035960 0.000000 
998 26 0.0 11.0 8.0 -0.040401 0 . 000000 
969 27 0.0 11.3 8.3 -0.044556 0.000000 
931 28 0.0 ll. 5 8.5 -0.049570 0.000000 
892 30 0.0 12.1 9 . 1 -0.055587 0.000000 
871 31 0.0 12.4 9.4 -0.058596 0.000000 
841 32 0 . 0 12 . 6 9.6 -0.062894 0 . 000000 
812 33 0.0 12 . 9 9.9 -0.067049 0.000000 
759 34 0.0 13. 1 10.1 -0.074642 0 . 000000 
690 36 0 . 0 13.6 10.6 -0.084527 0.000000 
618 36 0.0 13.4 10.4 -0.094842 0.000000 
580 34 0.0 12.8 9.8 - 0 .1 00287 0.000000 
571 31 0.0 11.9 8.9 -0.101576 0.000000 
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TRIAXIAL COMPRESSION TEST ON COHESIONLESS SOIL 
Soil Description: Sandy Loam ( 4) Sep. 29 , 1984 
Unit Weight= 84.7572 PCF Cell Pressure = 3 psi 
Initial Length = 3 .5 inches Tension = 2.4 psi 
Initial Diamete r l. 408 inches 
Def l ection Load Volume p q Strain Volumetric 
Dia l Dial Reading Strain 
888 0 0.0 3. 0 0.0 0.000000 0.000000 
868 5 0 . 0 4.6 1.6 -0.002865 0.000000 
830 ll 0.0 6. 5 3.5 -0.008309 0.000000 
792 16 0.0 8 . l 5 .l -0.013754 0.00000 0 
755 19 0. 0 9 . 0 6.0 -0.019054 0.000000 
692 22 0. 0 9.9 6.9 -0 . 028080 0.000000 
665 25 0.0 10.8 7 . 8 -0.031948 0.000000 
630 27 0 . 0 ll. 3 8 . 3 -0 .0 36963 0.000000 
594 30 0.0 12. 2 9.2 -0.042120 0.000000 
546 32 o.o 12.8 9.8 -0.048997 0.000000 
506 32 0. 0 12.7 9 .7 -0.054728 0.000000 
455 33 0.0 12.9 9.9 -0.062034 0.000000 
420 34 0.0 13.2 10 . 2 -0.067049 0.000000 
380 36 0 . 0 13.7 10.7 -0.072779 0.000000 
345 37 0.0 14.0 ll. 0 - 0.077794 0.000000 
314 38 0.0 14.2 ll. 2 -0 . 082235 0.000000 
275 39 0. 0 14 . 4 ll. 4 -0.087822 0.000000 
230 40 0.0 14 . 6 ll. 6 -0.094269 0 . 000000 
179 41 0 . 0 14.8 11.8 -0.101576 0.000000 
158 41 0.0 14.8 ll. 8 -0.104585 0.000000 
130 38 0.0 13.9 10.9 -0.108596 0.000000 
119 34 0.0 12.7 9.7 - 0.110172 0.000000 
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TRIAXIAL COMPRESSION TEST ON COHESIONLESS SOIL 
Sci 1 Description : Sandy Loam ( 4) Sep. 30, 1984 
Unit Weight = 84.3301 PCF Cell Pressure = 3 psi 
Initial Length = 3.5 inches Tension = 4.8 psi 
Initial Diameter 1. 407 inches 
Deflection Load Volume p q Strain Volumetric 
Dial Dial Reading Strain 
1229 0 0.0 3.0 0.0 0 . 000000 0.000000 
1204 6 0.0 4 . 9 1.9 -0 . 003582 0.000000 
1154 14 0.0 7. 5 4.5 -0.010745 0.000000 
1109 19 0.0 9.0 6.0 -0.017192 0.000000 
1069 25 0.0 10.9 7.9 -0.022923 0.000000 
1014 28 0.0 11.7 8 . 7 -0.030802 0.000000 
971 31 0.0 12.6 9 . 6 -0.036963 0.000000 
912 33 0.0 13. 1 10. 1 -0.045416 0.000000 
876 35 0.0 13. 7 10.7 -0.050573 0.000000 
836 37 0.0 14.2 11 . 2 -0.056304 0 . 000000 
772 39 0.0 14.7 11.7 -0.065473 0.000000 
676 40 0.0 14.8 11.8 -0.079226 0 . 000000 
59 3 41 0.0 15.0 12.0 -0.091117 0 . 000000 
481 43 0.0 15.3 12.3 -0.107163 0.000000 
408 44 0.0 15 . 5 12.5 -0.117622 0.000000 
331 45 '0. 0 15.6 12.6 -0.128653 0.000000 
249 47 0 . 0 16.0 13.0 -0.140401 0.000000 
180 47 0.0 15.8 1 2. 8 -0.150287 0.000000 
97 46 0.0 15.4 12.4 - 0.162178 0.000000 
82 43 0 . 0 14.6 11.6 -0 .1 64327 0 . 000000 
76 39 0.0 13.5 10.5 -0.165186 0.000000 
TRIAXIAL COMPRESSION TEST ON COHESION SOIL 
Soil Description : Loam ( 5) Sep . 22 , 1984 
Unit Weight = 90 . 959 1 PCF Ce ll Pre s sure = 3 psi 
Initial Length = 3 . 5 inches Tens i on = 0 . 2 psi 
Initial Diameter 1 . 409 inches 
Deflection Load Volume p q Strain Volumetric 
Dial Dial Reading Strain 
1288 0 0. 0 3.0 0.0 0.000000 0 . 000000 
1272 3 0.0 3.9 0.9 -0.002286 0 . 000000 
1251 6 0.0 4.8 1.8 -0.005286 0 . 000000 
1228 9 0. 0 5 . 7 2.7 -0.008571 0.000000 
1211 ll 0 . 0 6.3 3 . 3 -0.0 11 000 0.000000 
1189 13 0.0 6.9 3 . 9 -0.014 143 0.000000 
1167 15 0 . 0 7.5 4.5 -0 . 0 17286 0 . 000000 
1141 16 0 . 0 7.8 4.8 - 0.02 1 000 0 . 000000 
1113 18 0.0 8. 4 5.4 - 0.0 1500 0 0 . 000000 
1092 19 0.0 8.7 5.7 -0.028000 0 . 000000 
1067 20 0. 0 8.9 5.9 -0 . 031571 0.000000 
1049 21 0.0 9. 2 6 . 2 - 0 . 034143 0.000000 
1035 21 0 . 0 9.2 6.2 -0 . 036143 0 . 000000 
1012 22 0. 0 9.5 6.5 -0.039429 0.000000 
987 23 0 . 0 9.8 6.8 -0.043000 0.000000 
951 23 0.0 9 . 7 6 . 7 -0.048143 0 . 000000 
90 4 24 0. 0 10.0 7 . 0 -0 . 054857 0.000000 
878 24 0.0 9.9 6.9 -0 . 058571 0.000000 
850 24 0.0 9.9 6.9 -0 . 062571 0.000000 
807 23 0. 0 9 . 6 6.6 -0.068714 0.000000 
802 20 0. 0 8 . 7 5 . 7 -0 . 069 429 0 . 000000 
.6.4 
TRIAXIAL COMPRESSION TEST ON COHESION SOIL 
Soil Description: Loam ( 5) Sep. 24, 1984 
Unit Weight = 91.7286 PCF Cell Pressure = 3 psi 
Initial Length = 3. 5 inches Tension = 0.4 psi 
Initial Diameter 1. 435 inches 
De flection Load Volume p q Strain Volumetric 
Dial Dial Reading Strain 
1332 0 0.0 3.0 0 . 0 0.000000 0 .000000 
1288 4 0.0 4. 2 1.2 -0. 006286 0.000000 
124 3 8 0.0 5.4 2 . 4 -0.012714 0.000000 
1185 12 0 .0 6 .6 3 . 6 -0. 021000 0 .000000 
1114 15 0.0 7 . 5 4.5 -0.031143 0.000000 
1055 17 0.0 8 . 0 5 .0 -0.039571 0.000000 
975 18 0.0 8 . 3 5.3 -0.051000 0.000000 
918 19 0.0 8. 5 5.5 -0.059143 0.000000 
836 20 0.0 8.7 5.7 -0.070857 0 .00 0000 
760 21 0.0 9.0 6 . 0 -0 . 081714 0.000000 
682 22 0.0 9. 2 6.2 -0.127429 0 .0 00000 
540 22 0.0 9 . 0 6.0 -0.113143 0.000000 
440 23 0.0 9 . 2 6.2 - 0.127429 0.000000 
3 45 24 0.0 9. 4 6.4 -0.141000 0 .0 00000 
280 25 0 . 0 9. 6 6.6 -0.150286 0.000000 
220 26 0.0 9 . 8 6 . 8 -0.158857 0.000000 
134 27 0.0 9.9 6.9 -0 .1 71143 0 .00 0000 
37 29 0.0 10. 3 7.3 -0.185000 0 .00 0000 
-56 26 0.0 9. 4 6 .4 -0.198286 0.000000 
-14 5 23 0.0 8.6 5 . 6 -0.211000 0.000000 
-152 20 0.0 8 . 1 5.1 -0.168571 0.000000 
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TRIAXIAL COMPRESS ION TEST ON COHESION SOIL 
Soil Description: Loam ( 5) Sep. 16, 1984 
Unit Weight = 90 .8376 PCF Cell Pressure = 3 psi 
Initial Length = 3. 5 inches Tension = 0.6 ps i 
Initia l Diameter 1.43 3 inches 
Deflection Load Volume p q Strain Vo lumetric 
Dial Dial Reading Strain 
1471 0 0.0 3. 0 0.0 0 . 000000 0 . 000000 
1416 4 0.0 4 . 2 1.2 -0.007857 0.000000 
1361 7 0.0 5 .1 2.1 -0.015714 0.000000 
1 28 7 10 0.0 6. 0 3 .0 - 0 . 026286 0.000000 
1229 13 0 . 0 6.9 3 . 9 -0.034571 0.000000 
1162 15 0.0 7.4 4. 4 -0.044143 0.000000 
1080 17 0.0 8.0 5.0 -0.055857 0.000000 
1028 1 8 0.0 8 . 2 5. 2 -0.063286 0.000000 
969 20 0 .0 8.8 5 .8 -0.071714 0 .0 0000 0 
90 1 2 1 0.0 9 .0 6 . 0 -0.081429 0.000000 
828 23 0.0 9 . 5 6 . 5 -0.091857 0.000000 
675 24 0 . 0 9 .6 6 .6 - 0 .113714 0.000000 
492 25 0 . 0 9 . 7 6.7 - 0 . 139 857 0.000000 
362 27 0.0 10 . 0 7.0 -0. 158 429 0.000000 
23 7 28 0.0 10.2 7 . 2 - 0.17 6286 0.000000 
69 29 0.0 10.2 7 . 2 - 0.200 286 0 . 000000 
-68 31 0.0 10.5 7 . 5 -0.219857 0.000000 
-120 32 0 . 0 10 . 7 7 . 7 -0. 227 286 0.000000 
-214 33 0 . 0 10.8 7.8 -0. 240 714 0.000000 
-2 22 33 0.0 10.8 7. 8 -0.241857 0.000000 
-231 3 0 0.0 10.0 7 . 0 -0.243143 0.000000 
-233 28 0.0 9 . 6 6.6 -0.243429 0.000000 
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TRIAXIAL COMPRESSI ON TEST ON COHESION SOIL 
Soil Description: Loam ( 5) Sep. 28, 1984 
Unit Weight = 92.9699 PCP Cell Pressure = 3 psi 
Initial Length = 3.5 inches Tension = 1.2 psi 
Initial Diameter l. 428 inches 
Deflection Load Volume p q Strain Volumetric 
Dial Dial Reading Strain 
14 7 6 0 0 . 0 3.0 0.0 0 . 000000 0.000000 
1420 8 0.0 5.5 2.5 -0.008000 0.000000 
1352 14 0.0 7.3 4.3 -0.017714 0.000000 
1282 29 0.0 8.8 5.8 -0.027714 0 . 000000 
1179 22 0.0 9 . 6 6.6 -0.042429 0.000000 
1097 25 0.0 10 . 4 7.4 -0.054143 0 . 000000 
998 27 0.0 10.9 7.9 -0.068286 0 . 000000 
909 29 0.0 11.3 8.3 -0 . 08 1 000 0 . 000000 
834 31 0 . 0 ll. 8 8.8 -0.091714 0.000000 
664 32 0.0 ll. 8 8. 8 -0.116000 0 . 000000 
573 34 0.0 12 . 2 9.2 -0.129000 0.000000 
537 35 0.0 12.5 9.5 -0.134143 0.000000 
482 36 0.0 12.6 9.6 -0.142000 0 . 000000 
399 37 0.0 12.8 9.8 -0.153857 0.000000 
308 39 0.0 l3. l l 0. l -0.166857 0.000000 
271 39 0.0 13. l l 0 . l -0.172143 0 . 000000 
202 40 0.0 13. 2 10 . 2 -0.182000 0.000000 
98 42 0 . 0 l3. 5 10.5 -0.196857 0.000000 
-5 42 0.0 13. 3 l 0 . 3 -0.211571 0.000000 
- 39 41 0.0 13.0 1 o. a· -0.216429 0.000000 
-47 36 0.0 ll. 8 8.8 -0.217571 0 . 000000 
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TRIAXIAL COMPRESSION TEST ON COHESION SOIL 
Soil Description: Loam ( 5) Sep . 29, 1984 
Unit Weight = 94 .3182 PCF Ce ll Pressure = 3 psi 
Initial Length = 3. 5 inches Tension = 2.4 psi 
Initial Diameter 1. 426 inches 
Deflection Load Volume p q Strain Volumetri c 
Dial Dial Reading Strain 
1514 0 0.0 3 . 0 0 . 0 0 . 000000 0.000000 
1470 7 0.0 5 . 2 2.2 -0 . 006304 0.000000 
1426 15 0.0 7.6 4.6 -0.012608 0.000000 
1355 22 0.0 9 . 7 6 . 7 -0.022779 o.ooooo'o 
1271 26 0.0 10.9 7.9 -0.034814 0.000000 
1206 30 0 . 0 12 . 0 9.0 -0 .04 4126 0.000000 
ll20 32 0.0 12.5 9 . 5 -0 . 056447 0.000000 
1034 34 0.0 12.9 9 . 9 -0.068 768 0.000000 
942 35 0.0 13. 1 10.1 -0.081948 0 . 000000 
851 36 0.0 13. 2 1 0. 2 -0.094986 0.000000 
776 38 0.0 13.6 10.6 -0 . 105731 0.000000 
685 39 0.0 13.8 10.8 -0.118768 0.000000 
599 40 0.0 13. 9 10.9 -0.131089 0.000000 
485 41 0.0 13.9 10.9 -0 . 147421 0.000000 
34 7 42 0.0 14.0 11.0 -0.167192 0.000000 
219 43 0.0 14.0 11.0 -0.185530 0 . 000000 
121 44 0 . 0 14 . 0 11.0 -0.199570 0.000000 
77 45 0 . 0 14. 2 11.2 -0.205874 0 . 000000 
- 2 46 0 . 0 14.3 22.3 -0.217192 0.000000 
-68 46 0.0 14. 1 ll. 1 -0 . 226648 0.000000 
-132 47 0.0 14. 2 ll. 2 - 0.235817 0.000000 
- 203 46 0.0 13 . 9 10 . 9 -0 . 245989 0 . 000000 
-217 44 0.0 1 3. 4 10.4 -0 . 247994 0 . 000000 
-221 42 0.0 12. 9 9.9 -0.2 48567 0 . 000000 
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TRIAXIAL COMPRESSION TEST ON COHESION SOIL 
Sci 1 Description: Loam ( 5) Oct. 1 ' 1984 
Unit We i g h t = 95 .8048 PCF Ce ll Pr essure = 3 psi 
Initial Lengt h = 3 . 5 inches Tens ion = 4.8 psi 
Initial Diameter 1. 419 inches 
Deflection Load Volume p q Strain Volumetric 
Dial Dial Reading Strain 
1385 0 0.0 3.0 0 . 0 0.000000 0 . 000000 
1363 5 0 . 0 4 . 6 1.6 -0 . 003143 0 . 000000 
1312 12 0.0 6 . 8 3 . 8 -0.010429 0.000000 
1261 17 0 . 0 8 . 3 5 . 3 -0.017714 0.000000 
1201 23 0 . 0 10 . 1 7. 1 -0.026286 0.000000 
1175 27 0.0 11.3 8. 3 -0.030000 0.000000 
1108 32 0 . 0 12 . 7 9.7 -0 . 03957 1 0 . 000000 
1049 35 0 . 0 13 . 5 10.5 -0. 04 8 000 0 . 000000 
988 38 0. 0 14 . 3 11. 3 -0 . 056714 0.000000 
900 42 0 . 0 15 . 4 12 . 4 -0 . 069286 0 . 000000 
812 45 0.0 16. 1 1 3 . 1 -0.081857 0.000000 
739 47 0. 0 16.5 13.5 -0.092286 0.000000 
662 49 0 . 0 16.9 13.9 -0 . 103286 0 . 000000 
613 50 0.0 17 . 1 1 4. 1 -0 . 110286 0.000000 
54 2 52 0.0 17.5 14.5 -0 . 120429 0 . 000000 
477 53 0.0 17.6 14 . 6 -0 . 129714 0.000000 
403 54 0.0 17.7 14 . 7 -0 . 140286 0.000000 
371 56 0 . 0 18 . 1 1 5. 1 -0.144857 0 . 000000 
311 57 0 . 0 18. 3 15.3 - 0.153429 0 . 000000 
269 58 0.0 18. 4 15 . 4 -0.159429 0.000000 
224 55 0 . 0 17 . 5 14 . 5 -0 . 165857 0.000000 
159 55 0 . 0 17 . 3 14.3 -0 . 175143 0.000000 
124 5 1 0 . 0 16. 2 13 . 2 -0.1 8 0 14 3 0.000000 
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TRIAXIAL COMPRESSI ON TEST ON COHESION SOIL 
Soil Description: Silty Clay (ll) 
Unit Weight = 99.9058 PCF 
Initial Length= 3.5 inches 
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TRIAXIAL COMPRESSION TEST ON COHESION SOIL 
Soil Description : Silty Clay (ll) Dec. 29, 1984 
Unit Weight = 100.323 PCF Cell Pressure = 3 psi 
Initial Length = 3.5 inches Tension 0.2 psi 
Initial Diameter 1 . 425 inches 
Deflection Load Volume p q Strain Volumetric 
Dial Dial Reading Strain 
1420 0 0.0 3.0 0.0 0.000000 0.000000 
1372 2 0.0 3.6 0.6 -0.006857 0.000000 
1315 6 0. 0 4. 9 1.9 -0.015000 0.000000 
1257 9 0. 0 5.8 2.8 -0.023286 0.000000 
119 0 ll 0.0 6. 3 3 . 3 -0.032857 0.000000 
1122 12 0.0 6. 6 3.6 -0.042571 0.000000 
1056 14 0.0 7. 2 4.2 -0.052000 0.000000 
972 15 0. 0 7. 4 4. 4 -0.064000 0.000000 
925 16 0.0 7. 7 4.7 -0.070714 0.000000 
888 17 0.0 7. 9 4. 9 -0.080714 0.000000 
781 18 0.0 8. l 5 . l -0.091286 0.000000 
728 20 0.0 8 . 7 5. 7 -0.098857 0.000000 
659 20 0.0 8. 6 5.6 -0.108714 0.000000 
582 21 0.0 8. 8 5.8 -0.119714 0 . 000000 
478 23 0.0 19.2 6 . 2 -0.134571 0.000000 
440 23 0.0 19.2 6.2 -0.140000 0.000000 
375 24 0.0 19 .4 6.4 -0.149286 0.000000 
296 25 0. 0 9. 6 6 . 6 -0.160571 0.000000 
244 26 0. 0 9. 8 6.8 -0.168000 0.000000 
152 23 0.0 8.9 5.9 -0.181134 0.000000 
113 27 0.0 9.9 6.9 -0.186714 0.000000 
48 28 0.0 l 0. l 7. l -0.196000 0.000000 
-30 28 0.0 10.0 7.0 -0.207143 0.000000 
-94 29 0.0 l 0. l 7. l -0.216286 0.000000 
-183 30 0. 0 l 0 . 3 7 . 3 -0.229000 0.000000 
-268 31 0.0 l 0. 4 7 .4 -0.241143 0.000000 
-3 50 32 0.0 10.5 7 .5 -0.252857 0.000000 
-480 34 0.0 10.8 7.8 -0.271429 0 . 000000 
-622 36 0. 0 ll.O 8.0 - 0 .291714 0.000000 
-809 34 0 . 0 l 0. 3 7. 3 -0.318429 0.000000 
-81 5 33 0.0 l 0 . 0 7.0 - 0 . 319286 0 . 000000 
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TRIAXIAL COMPRESSION TEST ON COHESION SOIL 
Soil Description : Silty Clay (ll) 
Unit Weight = 100 . 614 PCF 
Initial Length = 3.5 inches 
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Jan . 6 , 1985 
Ce ll Pressure psi 
























































TRIAXIAL COMPRESSION TEST ON COHESION SOIL 
Soil Description: Silty Clay (ll) 
Unit Weight = 100.967 PCF 






























































































































Jan. 9, 1985 
Cell Pressure psi 
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TRIAXIAL COMPRESSION TEST ON COHESION SOIL 
Soil Description : Silty Clay (11) 
Unit Weight= 101.188 PCF 
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Jan. 9 , 1985 
Cell Pressure psi 
Tension= 4.8 psi 
Strain 
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TRIAXIAL COMPRESSION TEST ON COHES I ON SOIL 
Soil Description : Sil ty Clay (ll) 
Unit Weight = 100 . 327 PCF 
Initial Length= 3.5 inches 
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0 . 0 
0.0 
0 . 0 
0 . 0 
0.0 
0 . 0 
0.0 
0.0 
0 . 0 
0.0 
0 . 0 
0 . 0 
0.0 
0 . 0 
0.0 
p 
3 . 0 
3 0 3 
3 . 9 
4 . 2 
5.2 
50 8 
6 0 l 
6 0 7 
7 0 3 
7 0 6 
7.8 
8 0 l 
8 . 4 
8 . 7 
18 . 9 
19.2 
19 . 8 
10.0 
10 . 3 
10.8 
11. 3 
11 . 5 
12 0 3 
12 . 5 
12 . 9 
13 0 6 
l3 0 8 
14.0 
13 0 4 





0 . 9 
1.2 
2 . 2 
2.8 
3 0 l 
3 0 7 
4.3 
4 0 6 
4.8 
50 l 




6 . 8 
7 . 0 
7 0 3 
7.8 
8 . 3 
8 . 5 
9 0 3 
9.5 
9.9 
l 0 0 6 
l 0 0 8 
11.0 
1 0 0 4 
1 0 0 2 
8.8 
Ja n . 2 , 1985 
Cell Pr essur e psi 
Tension = 4.8 psi 
Strai n 
0.000000 
-0 . 001143 
-0.0 04 857 
-0 . 006571 
-0 . 01 01 43 
- 0 . 0 1 3 7 14 






-0 . 045429 
-0 . 049143 
-0.056857 
- 0.0 6 1143 
-0.064000 
-0 . 069143 
-0 . 072714 
-0.081286 
- 0 .09 0 286 
-0.096286 
- 0 . 100857 
-0 . 111429 









0 . 000000 
0.000000 
0 . 000000 
0 . 000000 
0.000000 
0 . 000000 





0 . 000000 




0 . 000000 
0 . 000000 
0 . 000000 
0.000000 
0 . 000000 
0 . 000000 
0 . 000000 
0.000000 
0 . 000000 
0 . 000000 
0.000000 
0 . 000000 
0 . 000000 
0.000000 
0 . 000000 
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TRIAXIAL COMPRESSION TEST ON COHESION SOIL 
Soil Description: Clay (12) Dec. 28 ' 1984 
Unit Weight = 119.647 PCF Ce ll Pressure = 3 psi 
Initial Length = 3 . 5 inches Tension = 0 . 2 psi 
Initial Diameter l. 418 inches 
Deflection Load Volume p q Strain Volumetric 
Dial Dial Reading Strain 
1356 0 0 . 0 3.0 0.0 0 . 000000 0 . 000000 
1346 2 0.0 3.6 0.6 -0.00 14 33 0.000000 
1327 4 0.0 4 . 3 1.3 - 0 . 004155 0.000000 
1312 7 0 . 0 5. 2 2 . 2 -0 . 006304 0.000000 
1294 10 010 6. l 3 . l -0.008883 0 . 000000 
1262 12 0.0 6. 7 3.7 -0 . 013467 0.000000 
1242 14 0.0 7 . 4 4. 4 -0.0163 32 0.000000 
1218 16 0.0 8.0 5.0 -0.019771 0.000000 
118 9 18 0.0 8.6 5.6 -0.023926 0.000000 
1156 20 0 . 0 9.2 6.2 -0.028653 0.000000 
1127 21 0.0 9 . 4 6 . 4 -0.032808 0 . 000000 
1065 22 0.0 9. 7 6 . 7 -0.041691 0.000000 
1038 23 0.0 10.0 7 . 0 -0 . 045559 0.000000 
1019 23 0.0 9 . 9 6 . 9 -0 . 048281 0.000000 
981 25 0 . 0 10 . 5 7 . 5 - 0 . 053725 0 . 000000 
930 26 0 . 0 10 . 7 7.7 -0.061032 0 . 000000 
899 27 0.0 ll. 0 8.0 -0.065473 0.000000 
877 28 0.0 ll. 3 8. 3 -0.068625 0.000000 
850 29 0 . 0 ll . 5 8 . 5 - 0.072493 0.000000 
794 29 0.0 11.4 8.4 -0.080516 0.000000 
731 30 0 . 0 ll. 6 8.6 -0.089542 0.000000 
730 32 0 . 0 12. 2 9.2 - 0 . 089685 0.000000 
683 33 0.0 12 .4 9 . 4 -0.096418 0 .0 00000 
620 3 4 0.0 l 2 . 6 9 . 6 -0.105444 0.000000 
617 32 0.0 l 2 . l 9 . l - 0 .1 05874 0 . 000000 
609 29 0 . 0 ll. 2 8. 2 -0 . 107020 0.000000 
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TRIAXIAL COMPRESSION TEST ON COHESION SOIL 
Soil Description: Clay ( 12) Dec. 29, 1984 
Unit Weight = 11 9 . 059 PCF Cell P r essure = 3 psi 
Initial Length = 3.5 inches Tension = 0 . 4 psi 
Initial Diameter l. 417 inches 
Deflection Load Volume p q Strain Volumetric 
Dial Dial Reading Strain 
1353 0 0.0 3 . 0 0 . 0 0.000000 0.000000 
1323 2 0.0 3 . 6 0 . 6 -0.004386 0 . 000000 
1305 5 0 . 0 4. 6 1.6 -0.006857 0.000000 
1283 8 0.0 5 . 5 2.5 -0.010000 0.000000 
1260 10 0.0 6.1 3. l -0.012286 0.000000 
1232 13 0.0 7. l 4 . l -0.017286 0 . 000000 
1188 16 0 . 0 8 . 0 5.0 - 0.023571 0.000000 
1172 17 0.0 8.3 5. 3 -0.025857 0.000000 
1135 19 0.0 8 . 8 5 . 8 -0.031143 0.000000 
1114 20 0.0 9 . l 6. l -0 . 034143 0.000000 
1086 21 0 . 0 9.4 6.4 -0.038143 0.000000 
1046 23 0.0 10.0 7.0 -0.043857 0.000000 
l 024 25 0.0 10.6 7.6 -0.047000 0.000000 
971 27 0 . 0 ll.l 8 .l -0.054571 0.000000 
926 28 0.0 ll. 3 8.3 -0 . 061000 0.000000 
895 30 0.0 ll. 9 8. 9 -0 . 065429 0.000000 
860 31 0.0 12.1 9. l -0 . 070429 0 . 000000 
811 32 0.0 12. 4 9.4 -0.077429 0.000000 
789 33 0.0 12 . 6 9. 6 -0 . 080571 0.000000 
712 35 0 . 0 13 . l l 0. l -0.091571 0.000000 
661 36 0 . 0 l 3. 3 10.3 -0.098857 0.000000 
619 37 0.0 l3. 5 l 0 . 5 -0.104857 0.000000 
58 4 35 0 . 0 12. 9 9.9 -0.109857 0 . 000000 
581 32 0.0 12.0 9.0 -0 . 110286 0.000000 
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TRIAXIAL COMPRESSION TEST ON COHESION SOIL 
Soil Description: Clay (12) 
Unit Weight= 119.5 PCF 
Initial Length= 3 . 5 inches 






























































































Jan. 2, 1985 
Cell Pressure = 3 psi 
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TRIAXIAL COMPRESSION TEST ON COHESION SOIL 
Soil Description: Clay ( 12) Jan. 6' 1985 
Unit weight = 120.081 PCF Cell Pressure = 3 psi 
Initial Length = 3.5 inches Tension = 1.2 psi 
Initial Diameter l. 413 inches 
Deflection Load Volume p q Strain Volumetric 
Dial Dial Reading Strain 
1264 0 0.0 3.0 0.0 0.000000 0.000000 
1249 9 0.0 5.9 2 .9 -0.002143 0.000000 
1222 21 0.0 9.7 6.7 -0.006000 0.000000 
1183 29 0.0 12.1 9. l -0.011571 0.000000 
1125 33 0.0 13. 3 10.3 -0.019857 0.000000 
1058 36 0.0 14. l 11.1 -0.029429 0.000000 
986 38 0.0 14.6 11.6 -0.039714 0.000000 
924 40 0.0 15. 1 12.1 -0.048571 0.000000 
836 42 0.0 15.6 12.6 -0.061143 0.000000 
787 44 0.0 16. l 13.1 -0.068143 0.000000 
709 45 0.0 16 .2 l3. 2 -0.079286 0.000000 
632 46 0.0 16.3 13.3 -0.090286 0.000000 
572 47 0. 0 16.5 13.5 -0.098857 0.000000 
50 4 47 0.0 16.3 1 3 .3 -0.110857 0.000000 
488 47 0.0 16. 3 l3. 3 -0.110857 0 . 000000 
475 45 0.0 15.7 12.7 -0.112714 0.000000 
472 44 0.0 15.4 12.4 -0.113143 0.000000 
471 41 0.0 14.6 11.6 -0.113286 0.000000 
TRIAXIAL COMPRESSION TEST ON COHESION SOIL 
Soil Description: Clay (12) 
Unit Weight = 120.561 PCF 
Initial Length= 3 . 5 inches 
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Jan. 7, 1985 
Cell Pressure = 3 psi 








































TRIAXI AL COMPRESSION TEST ON CO HESION SOIL 
Soil Descr i pt ion: Cl ay (12) 
Unit Weight = 12 0 . 83 4 PCF 
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14.1 
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12 . 3 
19 . 9 
17 . 2 
q 
0 . 0 
0.6 
4 .l 
7 . 6 
ll .l 
l3 . 5 








Jan. 9 , 1985 
Ce ll Pr essure = 3 psi 
Tension= 4 . 8 psi 
Strain 
0 . 000000 
- 0 . 005857 
- 0 . 007571 
-0 .010143 
- 0 . 0 14 14 3 
-0. 0 191 4 3 
- 0 . 025286 
- 0 . 033143 
- 0 . 0 44286 
- 0 . 056286 
-0.063429 
- 0 . 081857 
- 0 . 089000 





0 . 000000 
0.000000 
0 . 000000 
0 . 000000 
0 . 000000 
0 . 000000 
0 . 000000 
0 . 000000 
0.000000 
0.000000 
0 . 000000 
0 . 000000 
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Appendix C: 
Grain Size Analysis 
82 
APPENDIX TABLE 6 . Sieve Analysis for Loamy Sand ( l) 
Weight 
Sieve Size Sieve Sieve wt. Weight of of % 
Number 3(mm) Weight + Soil Soil Retained Finer Finer 
gm gm gm gm 
10 2 . 000 528.50 547. 1 5 18.65 445 . 35 96.00 
16 1.180 408 . 85 456 . 40 47.55 397.80 85.70 
30 0 . 600 400.90 487.70 86 .8 0 311.00 67 . 00 
60 0.246 368 . 80 454 . 35 85 .55 225.45 48.50 
100 0.149 348.60 397.22 48 . 62 176 . 83 38 .l 0 
200 0.075 336 . 20 397.30 84.50 92.33 19.90 




APPENDIX TABLE 8 . Sieve Analysis for Sandy Loam Soil ( 2) 
Weight 
Sieve Size Sieve Sieve wt. Weight of of % Number 3 (mm) Weight + Soil Soil Retained Finer Finer 
gm gm gm gm 
4 . 760 523.90 523 . 20 0 . 00 435.20 100.00 
10 2 . 000 524.35 544.35 2 .00 415.20 95.40 
16 l. 180 409. 70 426.53 16 . 95 398.25 91.51 
30 0 . 600 401.80 422.65 20.85 377 . 40 86 . 72 
60 0.246 36 9. l 0 407 . 35 38.25 339.15 77.9 3 
100 0.146 343 . 50 389 . 30 45.80 293.35 67.41 
200 0.075 331.30 393.15 61 . 85 231.50 53 . 19 
pan 376.55 609.05 2 31. 50 
Total : 435.20 

86 




size Sieve Sieve wt . Weight of of % 
Number (rnrn) Weight + Soil Soil Retained Finer Finer 
gm gm gm gm 
lO 2 . 000 523.95 527.95 4 . 00 356 . 40 9 8 . 8 9 
16 l.l80 409.85 435 . 00 25.15 3 3l. 25 91 . 91 
30 0.600 401.65 428.60 26.95 304.30 84 . 43 
60 0.246 368.90 409.30 40 . 40 263 . 90 73.22 
100 0.149 343.95 36 4.45 20 . 50 243.40 67 . 54 
200 0.075 331.40 391.81 60.40 183 . 00 50 .78 
pan 376 . 55 559 . 55 183 . 00 
Total: 360 . 40 
APPENDIX TABLE 11. Hydrometer Ana l ysis for Sandy Loam Soil (4) . 
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APPENDIX TABLE 12. Sieve Analysis for Loam Soil ( 5) 
Weight 
Sieve Size Sieve Sieve wt. Weight of of % Number 3(mm) Weight + Soil Soil Retained Finer Finer 
gm gm gm gm 
4 4 . 760 523 . 980 
10 2.000 524.550 525.650 l.l 0 555.020 99 . 800 
16 1 .180 409 . 950 422.200 12.25 542 . 770 97.600 
30 0.600 401.650 453.000 51.35 491.420 88.370 
60 0.246 368.800 412.100 43.30 448.120 80.600 
100 0 .14 9 344.000 398 . 850 54 . 85 393.270 70.920 
200 0 .075 335 . 900 456.450 120.55 272 . 720 49.040 
pan 279.500 552.220 272.72 
Total : 556.12 
APPENDIX TABLE 13. Hydrometer Analysis for Loam Soil ( 5) . 
Date Time Total Hydromete r Temp. Hydrometer Finer Distance from Effective (min) E1 apsed reading in reading in ' su r face of Diameter Time suspension water (N) suspens1on to (0) ( min) ( 
w ) the center of 
vo lume of th e 
hydrometer 
3/7/85 9: 1 4 
z 
am 
I . 0295 24 .9973 50.63 12.56 0. 04 6 
1.0265 24 4 5. 91 1 3. 25 0 . 034 
9: 1 9 1.0228 24 40. I 0 1 3 . 36 0.021 
9:25 11 1 .0200 24 35.69 13.36 0. 015 
9:29 15 I. 019 24 34 .12 13.59 0. 0 I 25 
9 :4 9 31 1.0172 24 3 1 • 29 1 4 .01 0 . 009 
1 0 : 1 4 31 I. 0 1 55 23 . 25 28.5 14.4 0.0068 
1 2 : 3 0 19 1 I. 0 1 28 23.25 24.25 15. 0 3 0.0037 noon 
3 : 3 0 37 1 1 . 0112 23.5 ,99738 21.2 3 1 5. 4 0.0028 pm 




UNIFIED SOIL CLASSIFICATION 
Soil Wet Tare Dry Wet Dry Water Blows Plastic Liquid Plasticity Group Group 
No. Soil Soil Soil Soil Content Limit Limit Index Symbols Classi-
+ + Weight Weight (PL) ILL) (PI) fication 
Tare Tare 
Worm 23.3 8 16.03 21.97 7.3 5 5.9 4 
Pat 84. 13 3 2. 11 7 2. 11 52.02 4 0. 0 0 30.05% 
24 23.74 29.90 6.2 OL A-4(3) 
Worm 22.86 17.08 21.85 5 . 78 4 . 7 7 
Pat 96.21 31.30 83.91 64.91 52.61 23.38% 
18 21 .1 7 22.45 1.3 OL A-4(0) 
Worm 23.45 16.31 21.90 7. 14 5.59 
Pat 105.73 31.0 3 88.56 74.70 57.53 39.8H 
29 27.73 30.39 2 . 7 OL A-4 I I) 
Worm 20.85 16.21 19.95 4. 64 3.74 
20 24.06 32.27 8.2 OL A-4(3) 
Pat 78.90 31. 51 67.10 47.38 35.59 3 3. 16% 
11 Worm 22 . 32 15.9 1 21. 20 6. 41 5.29 
Pat 76.0 3 32.35 66.61 • 4 3 . 68 34.26 27.50% 
32 21 . 1 7 28. 33 7.2 OL A-4(2) 
12 Worm 23.0 1 15.80 21 . 88 7. 21 6.08 
18 18.59 21.91 3.3 S~1 A-2-4(0) 
Pat 94 . 12 34.00 82 . 96 60 . 12 48.96 22.79% 
SIEVE ANALYSIS 
Soil Total Tare Dry Total Dry 
No. Dry Weight Dry Weight 
Weight (-*200) Weight (-1200) 
+ Tare + Tare Dry Weight + Tare 
H uo 120 140 160 1100 1140 1200 PAN 
4 99.30 ll . 3 7 150.90 487.9 3 139.53 0.00 11.51 14.94 29.41 54.91 83.70 106.55 130. 16 14 8. 12 
526.56 11.3 5 262.57 151.21 151.22 0.00 36.20 59.02 81.63 114.00 161.98 198.37 236.34 261. 79 
495.30 11. 30 170.80 484.00 195.50 0.00 27.00 45 .63 56.65 7 3. 52 99.22 128.06 161 . 08 170.21 
514.29 14. 4 2 247 .8 2 499 .87 233. 4 0 0.00 14.9 5 32.52 69.7 2 103.55 151.75 192.50 224.00 246 . 70 
II 4 97 .37 14. 3 5 198. 7 2 483.02 148.37 0.00 14.0 3 20.48 38.53 91.92 151.19 1 90.93 191.23 
12 509.28 14.49 39 7.6 5 4 94 . 79 3 8 3. I 6 0.0 0 2 0. 4 0 96.6 2 213.42 305.12 347.88 362.27 373 . 80 396.93 
